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Abstract 
 
The article analyses the effect of refractory coating permeability on the process of casting manufacture by the Lost Foam technique. The 
analysis was focussed on simulation tests examining the effect of coating permeability on the mould cavity filling rate, pressure in gas gap, 
and the size of this gap. In simulation tests of the Lost Foam Process, a mathematical model of the process presented in this study and the 
author’s own computation algorithm were used. The computations have proved that with increasing permeability of the protective coating, 
the pouring rate increases, too, while pressure of gas in the gas gap and the size of the gap are decreasing. The increasing pouring rate 
ensures correct making of castings, even if their shape is very intricate and the wall cross-sections are very small. Smaller size of the gas 
gap and lower gas pressure in the gap reduce the risk of mould damage. The author’s own investigations confirmed the importance of  the 
refractory coating permeability and its effect on the casting process, mould pouring rate - in particular. 
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1. Introduction 
 
The worldwide interest in the process of making castings by  
the lost foam technique was observed in late eighties of the past 
century, when development of this technology enabled its use in 
mass  production  of  castings  characterised  by  high  dimensional 
accuracy and good reproducibility of dimensions, produced from 
both  ferrous  and  non-ferrous  metal  alloys.  Progress  in  this 
technology gathered speed when the method of making patterns 
from foamed polymers, characterised by high accuracy of both 
shapes  and  dimensions  and  moulded  in  special  dies,  was 
developed and binder-free moulding sands started to be used. The 
great  interest  in  this  technology  of  the  casting  manufacture  is 
mainly  due  to  lower,  compared  with  the  traditional  process, 
production costs and investment outlays [1]. Compared with the 
traditional  casting  process  using  common  moulding  sands,  this 
technology  offers  numerous  advantages,  to  mention  just  the 
following ones: 
  casting  inner  shapes  reproduced  without  the  use  of 
cores, 
  lower production costs, 
  possible use of moulding sand without  binder (i.e. the 
use  of  pure  sand),  which  eliminates  the  expensive 
process of moulding sand preparation, 
  reduced  number  of  casting  fettling  operations  since 
there  are  no  cores  and  mould  parting  planes 
(additionally,  the  presence  of  fins  is  effectively 
eliminated), 
  less of pattern tooling and foundry equipment is needed 
(no  moulding  machines and  mixers are  necessary  for 
the sand preparation, etc.), 
  reduced labour consumption during final operation of 
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The quality of castings made by this process depends on many 
different  factors,  among  others,  on  the  density  of  foamed 
polystyrene, which affects both pattern strength and the quality of 
its surface, the type of sand, its permeability in particular, and the 
type of refractory coating applied on pattern, which at the same 
time  constitutes  the  working  mould  surface  responsible for  the 
casting surface quality and preventing metal penetration into the 
sand. This layer should also possess good permeability to let the 
gases formed in mould escape in an easy enough way. In previous 
studies made by the authors and described in [2], the results of the 
investigations of the properties of refractory coatings applied on 
polystyrene patterns and used for casting manufacture by the Lost 
Foam Process were described. The investigations were carried out 
on two coatings made by Ashland, i.e. water-based KERNTOP 
L87  and  alcohol-based  KERNTOP  Z85,  and  on  two  coatings 
offered  by  Huetteness-Albertus,  i.e.  water-based  DISOPAST 
6230/7 used for grey iron castings, and DISOPAST 6779 assigned 
for aluminium alloy castings. From the investigations it follows 
that in this group of coatings the best permeability with the value 
of  about  3,5 10
-9  m
2/Pa s  offers  KERNTOP  Z85  made  by 
Ashland. And yet, even with this permeability of the coating, it is 
still about 1000 times lower than that of the dry sand, and as such 
has an important effect on the filtration rate of gaseous products 
formed during the foamed polystyrene decomposition. It is very 
important  to  know  the  effect  of  the  refractory  coating 
permeability  on  the  process  of  polystyrene  pattern  evaporation 
and mould pouring rate, and this issue will be the subject of the 
present study. 
 
 
2. Technological aspects  of the  
refractory coating permeability 
 
Before it is placed in mould, the pattern set is coated with a 
protective  coating.  Coatings  are  used  to  reduce  the  risk  and 
frequency  of  occurrence  of  defects  caused  by  molten  alloy 
penetration  into  the  mould  material,  sand  burns-on,  and  mould 
erosion and sinking, and to ensure the required low roughness of 
the casting surface [3,4]. Coatings should offer good compatibility 
with the material used for patterns (the ability to coat well the 
pattern  surface,  thus  ensuring  that  the  casting  will  also  have 
smooth  surface),  good  adhesion  properties,  quick  drying,  good 
abrasion wear resistance, the strength on handling, and possibly 
high gas permeability. Typical protective coatings are composed 
of refractory materials (silicates, alumino-silicates, mica, mullite), 
binder  (bentonite,  vinyl  resins),  rheological  agents  (diluent, 
alcohol or water),  wetting agents, anti-fermentation agents, and 
dyes [5]. Coatings applied on evaporative patterns also contain 
thixotropic agents, which prevent the coating from dripping down 
from the pattern. Coatings can be applied with brush, by spraying, 
or by dipping. The application of protective coating by spraying is 
most recommended for patterns without inner channels. Dipping 
is  the  preferred  choice  of  coating  application  in  the  case  of 
patterns  which  have  inside  channels  of  intricate  shapes.  After 
application of the coating its excess should be let flow off; this 
gives the coating of a uniform thickness, and hence of a uniform 
permeability.  Permeability  is  one  of  the  most  important 
parameters used in the evaluation of coating properties, since it 
strongly  affects  the  filtration  rate  of  the  gaseous  products  of 
pattern  decomposition  through  the  coating  layer.  It  is  equally 
important for the process of mould cavity filling with liquid alloy, 
thus affecting indirectly also the casting quality [6, 7]. 
 
 
3.  Investigations  of  the  effect  of  coating 
permeability  on  the  process  of  mould 
cavity filling with liquid alloy  
 
 
3.1. The system of equations describing mould 
filling with liquid alloy   
 
The studies made in [8] on the kinetics of the foamed polystyrene 
pattern evaporation process, on the dynamics of mould cavity filling 
with liquid alloy, and on the changes of gas pressure in the gas gap 
resulted in development of a system of differential equations presented 
below which are used to describe the process of pattern evaporation and 
mould cavity filling with liquid alloy: 
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In  simulation  of  the  lost  foam  process,  and  especially  the 
effect  of  refractory  coating  permeability  on  the  rate  of  mould 
filling  with  liquid  alloy,  a  mathematical  model  of  the  process 
described  in  this  study  and  the  author’s  genuine  computation 
algorithm have been used. Due  to this, it has been possible to 
study  the  effect  of  coating  permeability  on,  among  others,  the 
velocity of metal column raising in mould, the gas pressure in the 
gas gap, the size of this gap, etc. 
 
 
3.2. Simulation tests of the Lost Foam process 
 
 
3.2.1. The scope of simulation tests  
 
Tests  included  an  analysis  of  the  protective  coating 
permeability in the range of  s Pa m K p / 10 10 5 , 4
2 7 9  In  the  
tests,  the  f ollow ing  param eter s  have  been  adopted:  pattern  density  
3
2 / 20 m kg ,  thickness  of  refractory  coating  mm s 6 , 0 , 
pressure  in  mould  Pa P k 100 ,  ingate  cross -section 
2 5 , 0 cm Fwd ,  pouring  temperature  K T 998 1 ,  size  of  the 
foamed polystyrene granules  mm dg 1 . The simulation tests of 
the  effect  of  refractory  coating  permeability  on  the  process of  
mould cavity filling were carried out on AlSi11 silumins. 
 
 
3.2.2. Analysis of the simulation tests 
 
The  simulation  tests  were  carried  out  on  a  model  mould 
shown in Figure 1, applying parameters mentioned in the scope of 
the  tests.  Basing  on  the  obtained  results  of  computations,  a 
relationship  was  derived  for  time-related  changes  in  the  main 
process parameters, typical of the mould cavity filling with liquid 
alloy.  
One of the most important parameters affecting the process of 
mould  cavity  filling  with  liquid  alloy  is  the  permeability  of 
refractory coating. The effect of refractory coating permeability 
on the pouring rate is shown in Figure 2. From the collected data 
it  follows  that  with  increasing  permeability  of  the  refractory 
coating,  the  pouring  rate  increases  very  significantly,  too.  For 
example,  for  the  permeability  s Pa m K p / 10 5 , 4
2 9   the 
maximum  pouring  rate  is  s cm/ 6 , 4 1 ,  while  for  the 
permeability   s Pa m K p / 10 1
2 7  it exceeds  s cm/ 0 , 10 1 . 
The  corresponding  pouring  times  are  s zal 7 , 15 s   and 
s zal 9 , 1 ,  respectively.  So,  the  pouring  time  obtained  for  a 
mould  with  coating  of  lower  permeability  is  over  eight  times 
longer, and it may prove too long to enable liquid alloy fill the 
mould cavity completely, which is very important when thin-wall 
and intricate castings are made. A relationship between the mean 
pouring rate and the refractory coating permeability is shown in 
Figure 3. 
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Fig. 2. Changes in pouring rate  ) ( 1 f  for various 
permeabilities of the coating  p K  
 
 
 
 
 
Fig. 3. Mean pouring rate vs refractory coating permeability  p K  
 
The effect of refractory coating permeability on pressure in 
the gas gap is shown in Figures 4 and 5. From Figure 4 it follows 
that the lower is the refractory coating permeability, the higher is 
the pressure in the gas gap. This is due to the fact that the lower is 
the permeability of the refractory coating, the more difficult is the 
gas filtration through the gap, which means that it takes place at a 
higher  pressure.  This  confirms  the  nature  of  changes  in  mean 
pressure  in  the  gas  gap  respective  of  changes  in  permeability 
shown in Figure 5. 
Changes in the size of the gas gap in respect of changes in the 
permeability  of  protective  coating  p K  are  shown  in  Figures  6 
and 7. Analysing the effect of refractory coating permeability on 
changes in the gap size during pouring, it is worth noting that for 
high  values  of  the  coating  permeability,  the  size  of  the  gap  is 
growing very quickly to a value slightly below 1 mm, while for 
the low permeability values of the refractory coating it grows very 
quickly, first, to slow down at the close of the pouring process. 
When the permeability of coating is 
s Pa m K p / 10 4
2 9
 the 
size  of  the  gap  at  the  end  of  the  pouring  process  remains 
practically unchanged. The mean size of the gas gap computed 
throughout  the  whole  process  of  mould  pouring  for  the  low 
permeability coatings is comprised in the range of  mm 8 , 0 95 , 0 ; 
for coatings of the permeability above  
s Pa m K p / 10 1
2 8
 
it is practically unchanged. 
 
 
 
 
 
Fig. 4. Changes of pressure in the gas gap  ) ( f Pg  for various 
permeabilities of refractory coating  p K
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Fig.5. Mean pressure in gas gap vs refractory coating permeability 
p K  
 
 
 
 
Fig.6. Changes in the size of gas gap  ) ( ) ( 1 2 f h y y   
for various permeabilities of refractory coating p K  
 
 
 
Fig. 7. Mean size of the gas gap vs permeability of refractory 
coating  p K
 
 
 
4. Summary 
 
The simulation tests described in this article enable analysing 
the effect of refractory coating permeability on mould filling rate, 
pressure  in  gas gap  and  size of  this  gap.  It  is  also  possible to 
choose the best permeability of refractory coating, i.e. such that 
will be capable of ensuring proper and correct filling of mould 
cavity  with  liquid  alloy.  Decreasing  the  coating  permeability 
increases the rate of pouring and reduces  pressure of gas in the 
gas  gap  and  the  size  of  this  gap.  Higher  pouring  rates  ensure 
correct making of castings, even if their shape is very intricate and 
wall thicknesses are very small. Smaller size of the gas gap and 
lower  pressure  of  gas  in  this  gap  reduce  the  risk  of  mould 
“collapse”.  Simulation  tests  using  the  author’s  genuine 
mathematical  model  of  the  process  and  carefully  selected 
algorithm of computations enable selecting the best parameters of 
protective coatings in respect of a given casting type and gating 
system design. 
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